This listing of claims will replace all prior versions, and listings, of claims in this 

application: 



Claim 19. (currently amended) A manipulator comprising a foot part and a number of members 
comiected to the foot part and to each other respectively, and at least a gripper part, such that the 
members and the gripper constitute, with the foot part, an arm, wherein drive means, in particular 
motors for moving at least a number of the members and the gripper are provided in the foot part 
wherein a first member, in particular an upper arm, is rotatable at least 360° about a shoulder 
axis relative to the foot part and a second member, in particular a lower arm, is rotatable about an 
elbow axis relative to the first member, wherein compensating means being provided in the 
footpart foot part for the first and second member which, upon rotational movement of the 
members, at least partially compensate for the moment exerted by the first member relative to the 
foot part and by the second member relative to the elbow axis, the arrangement being such that 
thus, during use, couples acting on a number of drive means are limited; 

„,T..r.i. ihe. .honlder axis cni^ prises at least a first rotary shaft and a second rotary shaft, 
the fir.t rotary shaft h.in. counled to fir.f member and the second rotary shaft being coupled 
tn the second memh.r the comoensa ti. p means comnrisinP a first eccentric coupled to the first 
rotary shaft and a -^^^ond eccentric con pl^H to the second rotary shaft, first and second spring 
n^enns being cou pl^H to the first a n H the second eccentric respectively, the eccentrics being 
directed such tha t .t the maximally re.ch.h1e horizontal position of the relevant arm part, the 
force exerted on the relevant rotarv <^h.ft hv the spring means is maximal and at the maximally 
reachable vert ical position of the relevant arm part, said force is minimal. 

Claim 20. (previously amended) A manipulator according to claim 19, wherein the shoulder 
axis and the elbow axis, during use, extend substantially parallel to each otiier and preferably 
horizontally, and are located adjacent opposite ends of the first member, the gripper being 
rotatable about at least a first gripper axis relative to the second member, said first gripper axis 
preferably enclosing an angle of about 90° with the elbow axis. 
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Claim 21. (canceled) 

Claim 22. (currently amended) A manipulator according to claim [21] 19, wherein the spring 
means comprise a first and a second compression or tension spring which are at least 
substantially accommodated in the foot part, with a first and a second band-shaped element 
respectively extending from the springs over the first and second eccentric respectively, the end 
distal from the relevant spring being fixed in position, the arrangement being such that upon 
rotation of an eccentric by means of the relevant rotary shaft, the relevant spring changes m 
length. 

Claim 23. (previously amended) A manipulator according to claim 19, comprising a gripper 
comiected to the upper arm, wherein the drive means, in particular motors for moving the upper 
arm, lower arm and gripper are provided in the foot part. 

Claim 24. (previously amended) A manipulator according to claim 23, wherein a third member 
is provided, to be referred to as a wrist, included between the second member and the gripper, 
drive means for the wrist being included in the foot part. 

Claim 25. (previously amended) A manipulator according to claim 19, wherein the drive means 
comprise a series of motors, each motor being coupled to a reduction casing aUgned therewith, 
the reduction casing being comiected to a drive wheel comiected, via transmission means, to one 
of a number of drive shafts, included in or adjacent a shoulder, of parts to be driven, in particular 
the members such as upper arm, lower arm, wrist or gripper. 

Claim 26. (previously amended) A manipulator according to claim 25, wherein a number of 
reduction cases are mutually identical, each comiected to a drive shaft mounting the relevant 
drive wheel, the assembUes of reduction casing and drive wheel differing from each other only 
by the position of the drive wheel relative to the relevant motor. 

Clai^27. (canceled) 
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Claim>8. (canceled) 

Claim 29. (currently amended) A manipulator according to claim 28 comprising a foot part and 
^ number of members connected to the foot pa r t and to each other respectively, and at least a 
mHp per. such that the members and the gripper c ons t i t ute, wit h the foot part, an arm, wherein 
drive means, in p articular motors for moving at least a number of the members and the ^pper 
are provided in the foot part wherein a first m ember, in particular an upper arm, is rotatable at 
least 360° about a shoulder axis relative to th e foot nart and a second member, in particular a 
lower arm, is rotatable about an elbow axis rela t ive to the first member, wherein compensating 
means being provided in the foot part for the fir s t a n d se con d member which, upon rotational 
movement of the members, at le a.^t partiallv compensate for the moment exerted by the first 
member relative to the foot part and bv the sec on d m e mb er relative to the elbow axis, the 
arrangement bei »i p snch that thu s during use, couples acting on a number of drive means are 
Umited; 

wherein at least the first member is at least partially hollow, a series of first drive shafts 
extending from the foot part into the first membe r , a seri es of second drive shafts being provided 
in the second member, said d ri ve, shafts being fitted coaxially one within the other, while 
between the shafts, a number of bearing mea n s are included or formed, a number of the first 
shafts at the end remote from the foot part bein p provided with a first drive wheel, while a 
number of the second shafts are provided wit h a second drive wheel, a first drive wheel in each 
case being drivinglv connected, via a coupling ele m e n t, to a secon d drive wheel, the drive means 
in the foot part h ein^ arranged f or driving the respective first driv e shafts the arrangement being 
such that both the first member and the secon d member are movable via the first drive shafts; 

wherein the second member comprises a series of t hir d s hafts, whose longitudinal 
direction extend s a pproximately ^t ri^ht anglesto the longitudinal direction of the second shafts, 
a number of the second and third shafts bein g provided with mating, preferably fi-ustoconical 
gears for fransmitting rotational movements o f the relevant second shafts to the relevant third 
shafts, at least a number of the third shafts b e ing connected to a third member to be referred to as 
a wrist, movahlv connected to the end of the s econd member remote from the first member; and 

wherein the gripper is provided on the side of the wrist remote from the first member and 
is biased in an open position, while a spring element extends through the wrist, on one side 
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connected to a block slidable in longitudinal direction of the first member through rotation of one 
of the third shafts, and on the other side connected to the gripper, such that upon rotation of the 
relevant third shaft, the block is displaced in longitudinal direction while displacing the spring 
element and/or changing the length thereof, enabling the gripper to be pulled from the open 
position into a closed position and vice versa. 

Claim 30. (previously amended) A manipulator according to claim 19, wherein the foot part 
comprises a foot plate which, by means of a bearing, is rotatably connected thereto adjacent the 
lower end of the foot part, a number of sUding contacts being provided for transmitting an 
electric tension between the drive means and a power supply located outside the foot part, and a 
control unit. 

Claim 31. (previously amended) A manipulator according to claim 30, wherein the bearing for 
the foot plate comprises an annular groove in the outer circumference of the foot plate and a 
corresponding annular groove on an inner surface of a tube of the foot part, the relevant outer 
circumference of the foot plate being substantially identical to the relevant inner circumference 
of the tube and both grooves having a substantially V-shaped section, such that the two grooves 
together define a ball track of a substantially rectangular, in particular square or diamond-shaped 
section which includes a series of balls whose describing line corresponds to said section of the 
ball track. 

Claim 32. (previously amended) A manipulator according to claim 31, wherein an opening is 
provided in the tube, said opening ending in the ball track and having a passage which is 
approximately equal to the cross section of the balls, closing means being provided for closing 
said opening after insertion of the balls. 

Claim 33. (previously amended) A manipulator according to claim 19, wherein the foot part is 
substantially formed from a substantially tubular extrusion section, recesses being provided for 
the drive means. 



USSN 09/847,696 

Express Mail Receipt No. EV 322167045 US 



6 



Claim 34. (previously amended) A manipulator according to claim 19, wherein spaces are 
provided in the foot part for accommodating spring means for compensating means and 
electronic components. ^ . 

Claim 35. (previously amended) Use of a manipulator according to claim 19 in a space 
unsuitable for human entry, such as a radiation space or a toxic space. 

Claim 36. (previously added) A manipulator according to claim 19, wherein the lower arm is 
rotatable at least 360° about the elbow axis. 

Claim 37. (previously added) A manipulator comprising, in combination: 
a foot; 

an upper arm rotatable at least 360° about a shoulder axis relative to the foot; 
a lower arm rotatable about an elbow axis relative to the upper arm; 
a gripper connected to the lower arm; 

motors for moving the upper arm, lower arm and gripper, each motor being provided in 
the foot; and 

a pair of eccentrics in the foot that at least partially compensate for the moments exerted 
by the upper arm as it moves about the shoulder axis relative to the foot and by the lower arm as 
it moves about the elbow axis relative to the upper arm such that couples acting on the motors 
during use are limited. 

Claim 38. (previously added) A manipulator according to claim 37, wherein the shoulder axis 
and the elbow axis extend substantially parallel to each other during use, and are located adjacent 
opposite ends of the upper arm, the gripper being rotatable about at least a first gripper axis 
relative to the lower arm, the first gripper axis preferably enclosing an angle of approximately 
90° with the elbow axis. 

Claim 39. (previously added) A manipulator according to claim 37, wherein the shoulder axis 
comprises at least a first rotary shaft and a second rotary shaft, the first rotary shaft being 
coupled to the upper arm and the second rotary shaft being coupled to the lower arm, the 
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eccentrics comprising a first eccentric coupled to the first rotary shaft and a second eccentric 
coupled to the second rotary shaft, first and second spring members being coupled to the first and 
the second eccentrics, respectively, the first and second eccentrics being oriented such that at a 
maximally reachable horizontal position of the corresponding one of the upper arm and lower 
arm, a force exerted on the relevant rotary shaft by the corresponding spring member is maximal 
and at the maximally reachable vertical position of the corresponding one of the upper arm and 
lower arm, said force is minimal. 

Claim 40. (previously added) A manipulator according to claim 39, wherein the spring members 
comprise a first and a second spring that are at least substantially accommodated in the foot, with 
a first and a second band-shaped element extending fi-om the first and second springs, 
respectively, over the first and second eccentrics, respectively, an end of each band-shaped 
element distal fi-om the relevant spring being fixed in position, such that upon rotation of each 
eccentric by means of the relevant rotary shaft, the relevant spring changes in length. 

Claim 41. (previously added) A manipulator according to claim 37, further comprising a wrist 
provided between the lower arm and the gripper, a motor for the wrist being included in the foot. 

Claim 42. (previously added) A manipulator according to claim 37, wherein each motor is 
coupled to a reduction casing aligned therewith, each reduction casing being connected to a drive 
wheel that is connected to one of a plurality of drive shafts. 

Claim 43. (previously added) A manipulator according to claim 42, wherein a plurality of the 
reduction casings are mutiially identical, each connected to a drive shaft mounting the relevant 
drive wheel, each paired reduction casing and drive wheel differing from each other paired 
reduction casing and drive wheel only by the position of the drive wheel relative to the relevant 
motor. 

Claim 44. (previously added) A manipulator according to claim 37, wherein at least the upper 
arm is at least partially hollow, a series of first drive shafts extending fi-om the foot into the upper 
arm and fitting coaxially one within the other, a series of second drive shafts being provided in 
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the lower arm and fitting coaxially one within the other, a plurality of bearings being positioned 
between the drive shafts, a plurality of the first drive shafts having a first drive wheel at an end 
remote from the foot, at least one of the second shafts beirig provided with a second drive wheel, 
a first drive wheel in each case being drivingly connected, via a coupling element, to a second 
drive wheel, the motors in the foot being arranged for driving the respective first drive shafts, 
such that both the upper arm and the lower arm are movable via the first drive shafts. 

Claim 45. (previously added) A manipulator according to claim 44, wherein the lower arm 
includes a series of third drive shafts whose longitudinal direction extends approximately at right 
angles to a longitudinal direction of the second drive shafts, at least one of the second and third 
drive shafts being provided with mating fioistoconical gears for transmitting rotational 
movements of the relevant second drive shafts to the relevant third drive shafts, at least one third 
drive shaft being connected to a wrist movably connected to an end of the lower arm remote 
from the upper arm. 

Claim 46. (previously added) A manipulator according to claim 45, wherein the gripper is 
provided on a side of the wrist remote from the upper arm and is biased in an open position, a 
spring element extending through the wrist and connected on one side to a block slidable in a 
longitudinal direction of the upper arm through rotation of one of the third drive shafts and on 
the other side to the gripper, such that upon rotation of the relevant third drive shaft the block is 
displaced in the longitudinal direction while displacing the spring element, enabling the gripper 
to be pulled from the open position into a closed position and vice versa. 

Claim 47. (previously added) A manipulator according to claim 37, fiulher comprising a foot 
plate rotatably connected by a bearing to a lower end of the foot and including a plurality of 
sliding contacts to provide electrical contact between the motors, a power supply, and a control 
unit. 

Claim 48. (previously added) A manipulator according to claim 47, wherein the bearing for the 
foot plate comprises an annular groove in an outer surface of the foot plate and a corresponding 
annular groove on an inner surface of a tube of the foot, both grooves having a substantially V- 
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shaped section such that the two grooves together define a ball track of a substantially 
rectangular-shaped section, a series of balls being provided in the ball track. 

Claim 49. (previously added) A manipulator according to claim 48, wherein an opening is 
provided in the tube, said opening ending in the ball track and having a passage with a width 
approximately equal to a diameter of the balls, a stop being provided for closing said opening 
after insertion of the balls. 

Claim 50. (previously added) A manipulator according to claim 37, wherein the foot is formed 
from a substantially tubular extrusion section, recesses being provided in the foot to receive the 
motors. 

Claim 51. (previously added) A manipulator according to claim 37, wherein spaces are provided 
in the foot for accommodating spring members for the eccentrics and electronic components. 

Claim 52. (previously added) Use of a manipulator according to claim 37 in a space unsuitable 
for human entry. 

Claim 53. (previously added) A manipulator according to claim 37, wherein the lower arm is 
rotatable at least 360° about the elbow axis. 

Claim 54. (previously added) A manipulator comprising, in combination: 
a foot; 

an upper arm rotatable about a shoulder axis relative to the foot; 
a lower arm rotatable about an elbow axis relative to the upper arm; 
a gripper connected to the lower arm; 

motors for moving the upper arm, lower arm and gripper, each motor being provided in 
the foot; and 

a pair of eccentrics in the foot that at least partially compensate for the moments exerted 
by the upper arm as it moves about the shoulder axis relative to the foot and by the lower arm as 
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it moves about the elbow axis relative to the upper arm such that couples acting on the motors 
during use are limited. 

Claim 55. (previously added) A manipulator according to claim 54, wherein the shoulder axis 
and the elbow axis extend substantially parallel to each other during use, and are located adjacent 
opposite ends of the upper arm, the gripper being rotatable about at least a first gripper axis 
relative to the lower arm, the first gripper axis preferably enclosing an angle of approximately 
90° with the elbow axis. 

Claim 56. (previously added) A manipulator according to claim 54, wherein the shoulder axis 
comprises at least a first rotary shaft and a second rotary shaft, the first rotary shaft being 
coupled to the upper arm and the second rotary shaft being coupled to the lower arm, the 
eccentrics comprising a first eccentric coupled to the first rotary shaft and a second eccentric 
coupled to the second rotary shaft, first and second spring members being coupled to the first and 
the second eccentrics, respectively, the first and second eccentrics being oriented such that at a 
maximally reachable horizontal position of the corresponding one of the upper arm and lower 
arm, a force exerted on the relevant rotary shaft by the corresponding spring member is maximal 
and at the maximally reachable vertical position of the corresponding one of the upper arm and 
lower arm, said force is minimal. 

Claim 57. (previously added) A manipulator according to claim 56, wherein the spring members 
comprise a first and a second spring that are at least substantially accommodated in the foot, with 
a first and a second band-shaped element extending from the first and second springs, 
respectively, over the first and second eccentrics, respectively, an end of each band-shaped 
element distal from the relevant spring being fixed in position, such that upon rotation of each 
eccentric by means of the relevant rotary shaft, the relevant spring changes in length. 

Claim 58. (previously added) A manipulator according to claim 54, ftirther comprising a wrist 
provided between the lower arm and the gripper, a motor for the wrist being included in the foot. 
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Claim 59. (previously added) A manipulator according to claim 54, wherein each motor is 
coupled to a reduction casing aligned therewith, each reduction casing being connected to a drive 
wheel that is connected to one of a plurality of drive shafts. 

Claim 60. (previously added) A manipulator according to claim 59, wherein a plurality of the 
reduction casings are mutually identical, each connected to a drive shaft mounting the relevant 
drive wheel, each paired reduction casing and drive wheel differing from each other paired 
reduction casing and drive wheel only by the position of the drive wheel relative to the relevant 
motor. 

Claim 61. (previously added) A manipulator according to claim 54, wherein at least the upper 
arm is at least partially hollow, a series of first drive shafts extending from the foot into the upper 
arm and fitting coaxially one within the other, a series of second drive shafts being provided in 
the lower arm and fitting coaxially one within the other, a plurality of bearings being positioned 
between the drive shafts, a pluraUty of the first drive shafts having a first drive wheel at an end 
remote from the foot, at least one of the second shafts being provided with a second drive wheel, 
a first drive wheel in each case being drivingly connected, via a coupling element, to a second 
drive wheel, the motors in the foot being arranged for driving the respective first drive shafts, 
such that both the upper arm and the lower arm are movable via the first drive shafts. 

Claim 62. (previously added) A manipulator according to claim 61, wherein the lower arm 
includes a series of third drive shafts whose longitudinal direction extends approximately at right 
angles to a longitudinal direction of the second drive shafts, at least one of the second and third 
drive shafts being provided with mating fiixstoconical gears for transmitting rotational 
movements of the relevant second drive shafts to the relevant third drive shafts, at least one third 
drive shaft being connected to a wrist movably connected to an end of the lower arm remote 
from the upper arm. 

Claim 63. (previously added) A manipulator according to claim 62, wherein the gripper is 
provided on a side of the wrist remote from the upper arm and is biased in an open position, a 
spring element extending through the wrist and connected on one side to a block slidable in a 
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longitudinal direction of the upper arm through rotation of one of the third drive shafts and on 
the other side to the gripper, such that upon rotation of the relevant third drive shaft the block is 
displaced in the longitudinal direction while displacing the spring element, enabUng the gripper 
to be pulled from the open position into a closed position and vice versa. 

Claim 64. (previously added) A manipulator according to claim 54, fiirther comprising a foot 
plate rotatably connected by a bearing to a lower end of the foot and including a plurality of 
sliding contacts to provide electrical contact between the motors, a power supply, and a control 
unit. 

Claim 65. (previously added) A manipulator according to claim 64, wherein the bearing for the 
foot plate comprises an annular groove in an outer surface of the foot plate and a corresponding 
annular groove on an inner surface of a tube of the foot, both grooves having a substantially V- 
shaped section such that the two grooves together define a ball track of a substantially 
rectangular-shaped section, a series of balls being provided in the ball track. 

Claim 66. (previously added) A manipulator according to claim 65, wherein an opening is 
provided in the tube, said opening ending in the ball track and having a passage with a width 
approximately equal to a diameter of the balls, a stop being provided for closing said opening 
after insertion of the balls. 

Claim 67. (previously added) A manipulator according to claim 54, wherein the foot is formed 
from a substantially tubular extrusion section, recesses being provided in the foot to receive the 
motors. 

Claim 68. (previously added) A manipulator according to claim 54, wherein spaces are provided 
in the foot for accommodating spring members for the eccentrics and electronic components. 

Claim 69. (previously added) Use of a manipulator according to claim 54 in a space unsuitable 
for human entry. 
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Claim 70. (previously added) A manipulator according to claim 54, wherein at least one of the 
upper and lower arms are rotatable at least 360° about an axis. 



1 



Claim 71 . (new) A manipulator comprising a foot part and a number of members connected in a 
chain to the foot part and to each other respectively, and at least a gripper, the members and the 
gripper constituting, with the foot part, an arm, wherein drive means including motors for 
moving at least a number of the members and the gripper is provided in the foot part; 

wherein a first member in the chain, in particular an upper arm, is rotatable at least 360° 
about a shoulder axis relative to the foot part and a second member, in particular a lower arm, is 
rotatable about an elbow axis relative to the first member; 

wherein the foot part is mounted on a base plate and is rotatable about an axis that is at an 
angle with respect to the shoulder axis, the first member being connected to the foot part at the 
shoulder axis, compensating means for the first and second members being provided between the 
base plate and the shoulder axis, the compensating means compensating for static load changes 
due to variation of positions of the chain of members relative to the shoulder axis such that, 
during use, couples acting on a number of drive means are limited. 

Claim 72. (new) A manipulator according to claim 29, wherein the shoulder axis and the elbow 
axis, during use, extend substantially parallel to each other and preferably horizontally, and are 
located adjacent opposite ends of the first member, the gripper being rotatable about at least a 
first gripper axis relative to the second member, said first gripper axis preferably enclosing an 
angle of about 90° with the elbow axis. 

Claim 73. (new) A manipulator according to claim 29, wherein the spring means comprise a first 
and a second compression or tension spring which are at least substantially accommodated in the 
foot part, with a first and a second band-shaped element respectively extending fi-om the springs 
over the first and second eccentric respectively, the end distal fi-om the relevant spring being 
fixed in position, the arrangement being such that upon rotation of an eccentric by means of the 
relevant rotary shaft, the relevant spring changes in length. 
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Claim 74. (new) A manipulator according to claim 29, comprising a gripper connected to the 
upper arm, wherein the drive means, in particular motors for moving the upper arm, lower arm 
and gripper are provided in the foot part. 

Claim 75. (new) A manipulator according to claim 74, wherein a third member is provided, to 
be referred to as a wrist, included between the second member and the gripper, drive means for 
the wrist being included in the foot part. 

Claim 76. (new) A manipulator according to claim 29, wherein the drive means comprise a 
series of motors, each motor being coupled to a reduction casing aUgned therewith, the reduction 
casing being connected to a drive wheel connected, via transmission means, to one of a number 
of drive shafts, included in or adjacent a shoulder, of parts to be driven, in particular the 
members such as upper arm, lower arm, wrist or gripper. 

Claim 77. (new) A manipulator according to claim 76, wherein a number of reduction cases are 
mutually identical, each connected to a drive shaft mounting the relevant drive wheel, the 
assemblies of reduction casing and drive wheel differing from each other only by the position of 
the drive wheel relative to the relevant motor. 

Claim 78. (new) A manipulator according to claim 29, wherein the foot part comprises a foot 
plate which, by means of a bearing, is rotatably connected thereto adjacent the lower end of the 
foot part, a number of sliding contacts being provided for transmitting an electric tension 
between the drive means and a power supply located outside the foot part, and a control unit. 

Claim 79. (new) A manipulator according to claim 78, wherein the bearing for the foot plate 
comprises an annular groove in the outer circumference of the foot plate and a corresponding 
annular groove on an inner surface of a tube of the foot part, the relevant outer circumference of 
the foot plate being substantially identical to the relevant inner circumference of the tube and 
both grooves having a substantially V-shaped section, such that the two grooves together define 
a ball track of a substantially rectangular, in particular square or diamond-shaped section which 
includes a series of balls whose describing line corresponds to said section of the ball track. 
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Claim 80. (new) A manipulator according to claim 79, wherein an opening is provided in the 
tube, said opening ending in the ball track and having a passage which is approximately equal to 
the cross section of the balls, closing means being provided for closing said opening after 
insertion of the balls. 

Claim 81 . (new) A manipulator according to claim 29, wherein the foot part is substantially 
formed from a substantially tubular extrusion section, recesses being provided for the drive 
means. 

Claim 82. (new) A manipulator according to claim 29, wherein spaces are provided in the foot 
part for accommodating spring means for compensating means and electronic components. 

Claim 83. (new) Use of a manipulator according to claim 29 in a space unsuitable for human 
entry, such as a radiation space or a toxic space. 

Claim 84. (new) A manipulator according to claim 29, wherein the lower arm is rotatable at 
least 360° about the elbow axis. 
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